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concept has been developed further in various disciplines, influenced by their specific perspective, thus resulting in different versions. They view this as a strength rather than a weakness.
This report reviews some recent advances in the literature and argues for a multidimensional conceptualisation of clusters (Bathelt, 2004) . This can help us understand why some clusters continue grow and reproduce themselves while others stagnate and disappear over time. This is done by focussing on the knowledge creation effects of clusters instead of their material flows (Malmberg and Maskell, 2002; Pinch et al., 2003) .
II Point of departure: vertical and horizontal linkages in clusters
In this report, the term 'cluster' is used to refer to a localised industry configuration, such as a local or regional concentration of industrial firms, and their support infrastructure which are closely interrelated through traded and untraded interdependencies (Maskell, 2001; Bathelt and Taylor, 2002) . This deviates from Porter's (1990; conceptualisation of clusters as national bundles of industries which gain international competitiveness and are sometimes characterised by regional concentrations of firms (see, also, Preissl and Solimene, 2003; Malmberg and Power, 2003) . Porter (1990 Porter ( , 1998 distinguishes between the vertical and horizontal dimensions of clusters, a distinction which implies different competitive advantages for firms in the cluster (Maskell, 2001; Malmberg and Maskell, 2002; Enright, 2003) . The vertical dimension encompasses firms with complementary products and competencies which can benefit from intensive transactions within the cluster and form networks of traded interdependencies. The horizontal dimension refers to those firms producing similar products (Maskell and Lorenzen, 2004) . Competing firms with similar competencies have little reason to co-operate with one another or engage in close interaction. Co-location provides opportunities for firms to closely watch their competitors and compare their own economic performance with that of others.
There are, however, many agglomerations and localised industry configurations which are characterised by economic stagnation or decline, despite the fact that they have developed along both dimensions. Clearly, the mere existence of vertical and horizontal cluster dimensions is not enough to generate knowledge and growth. I argue that a multidimensional perspective is needed to explain why clusters grow and how they reproduce themselves, emphasising issues of institutions, culture, power and external relations (Bathelt, 2004) .
In the following sections, I focus on selected issues related to a multidimensional understanding of clusters. Section III explores ways in which coherent action can be established and maintained in a cluster, emphasising processes of institution building, the role of 'local buzz' and the impacts of communities of practice. In section IV, issues concerning the spatiality and global reach of clusters are discussed. Using a territorial conceptualisation of clusters, it will be shown that clusters need strong linkages to external markets and technologies developed outside the cluster to avoid processes of lock-in and maintain ongoing economic growth. Section V highlights cultural issues in globalisation processes. Effects of power and culture are discussed which are related to the extension of clusters towards other countries. Finally, section VI summarises the findings of the paper and discusses consequences for regional policy.
III Coherence and lack of coherence in clusters
In order to exist as such over a longer time period, a cluster has to develop and maintain a structure which enables diversity within its area of competence, as well as a minimum of coherence in its focus. This includes the development of a common identity surrounding a particular value chain and the need for firms to share similar views and make similar decisions with respect to technological choices. In other words, a joint institutional basis and its reproduction are necessary for economic interaction. Industrial clustering has clearly more advantages than those due to cost savings and traded interdependencies. Concepts, such as localised capabilities (Maskell and Malmberg, 1999) and untraded interdependencies (Storper, 1997) , emphasise that socio-institutional settings, interfirm communication and interactive learning play a decisive role in explaining regional innovation and growth (Cooke and Morgan, 1999; Lawson, 1999; Gordon and McCann, 2000) . The process of institution building is shaped and stimulated by existing communication practices, the quality of local buzz and the formation of communities.
Reproductivity and buzz
Norms, accepted rules, habits, conventions and other institutional arrangements are of central importance to enable interfirm communication and collaboration within a cluster (Amin and Thrift, 1995; Wolfe and Gertler, 2004) . A joint institutional framework allows specialised users and producers to discuss and solve particular problems (Hodgson, 1988; North, 1990) . Such a framework does not, however, exist automatically. It is created through social practices in day-to-day interactions. Joint problem-solving and experimentation lead to preliminary fixes which must be robust to survive the next series of interactions. These fixes are constantly being updated or adjusted to meet new goals in the innovation process (Storper, 1997; McKelvey, 1997) . The creation of institutions within a cluster helps to stabilise producer-user relations and stimulates trust (Granovetter, 1985; Lorenz, 1999; Lawson and Lorenz, 1999) .
Co-location and face-to-face contacts within a cluster generate further advantages related to the circulation of information and inspiration . They stimulate a particular local buzz which is related to continuous and updated flows of information and intended and unanticipated learning processes which are based on the same institutional setup (Storper and Venables, 2004) . Actors do not have to search their environment or make particular investments to get access to this information. They are automatically exposed to news reports, gossip, rumours and recommendations about technologies, markets and strategies by just being in the cluster (Gertler, 1995 (Gertler, , 2003 Grabher, 2002a) .
The existence of a widely accepted set of institutions allows firms within a cluster to develop reasonable expectations regarding the actions of others and to participate in the local buzz. This generates connectivity and encourages continuity in communication. New steps in innovation processes follow the resolution of previous problems. Co-location thus serves as a powerful means to participate in the process of creating institutions and stimulates knowledge transfer.
Community building
The process of institution building can be mediated through or strongly supported by communities of practice (Brown and Duguid, 1991; Wenger, 1998) . These communities are virtually self-organised and are bound together through day-to-day interaction and regular meetings. Community members tell stories about their work to bridge the gap between theoretical and practical knowledge (Brown and Duguid, 2000) . This helps in the exchange of existing knowledge, the generation of new knowledge and development of competencies.
Communities are important in processes of problem-solving, strategy and business development and the diffusion of best practices. Specialists voluntarily join these communities, stimulating mutual commitment and an identification with the group's competence basis (Wenger and Snyder, 2000) .
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Communities of practice can develop within a firm but may also span a single organisation and include other firms in a value chain, particularly within a cluster (Gertler, 2001; Grabher, 2002b) . According to Benner (2003) , such communities have played an important role for individuals in Silicon Valley in acquiring and maintaining specialised competencies. Shared experiences in solving the same sort of problems based on the same technological paradigm support the development of mutual engagement, joint enterprise, shared repertoire and negotiation of meaning (Wenger, 1998; Coe and Bunnell, 2003) .
The coherent development of a cluster can be an important catalyst for the formation of such communities. Existing communities or parts thereof, in turn, serve to stabilise social relations in the cluster. They develop into local frames for understanding the meaning and significance of local buzz and stimulate the generation of even more local buzz and its rapid diffusion.
IV Spatial boundaries and openness of clusters
Unresolved issues with respect to the cluster debate are particularly related to questions of definition and spatial extent. The lack of a precise definition of the sectoral and spatial characteristics of a cluster has been a major criticism of Porter's (1990; work (Martin and Sunley, 2003) . According to Porter (2000) , clusters can exist at a local, regional or even interregional and cross-national level, although he still seems to prefer his original idea that clusters are bundles of interrelated industries within a nation-state (Porter, 2003) . The reason why it is seemingly easy to transfer this concept to different spatial scales is that it does not encompass an explanation for the internal mechanisms which are responsible for the spatial relations and boundaries of the cluster.
A key problem of Porter's (1990; cluster concept is that it lacks a sound institutional framework. In applying an institutional perspective, the expectation that a precise, all-encompassing definition for clusters can be found appears unrealistic. Since institutional contexts vary between technologies and between nation-states, clusters can be characterised by a different sectoral mix, complexity and spatial reach.
Spatiality of clusters
There is no generally accepted spatial definition for clusters. Depending on the method and basic spatial unit used, the number of potential clusters identified in a country can vary drastically. Top-down approaches, such as those by Ellison and Glaeser (1997) , Porter (2003) and Sternberg and Litzenberger (2003) , are unlikely to identify a complete set of clusters of different types. A top-down macroeconomic methodology does not consider that clusters may be at different stages in their development path and that their characteristics could change over time (Belussi, 2004) . Such approaches also lack a convincing explanation as to when a spatially concentrated industry could be defined as a cluster. Simple measures of co-location or location quotients do not suffice to identify clusters because they do not provide insights into the structure of social relations and patterns of economic interaction. Bottom-up approaches which try to define clusters through a generalisation of case study results are, of course, also problematic.
Another group of cluster definitions proceed in a different way. They suggest the application of a functional, value-chain-based understanding of clusters which does not incorporate a territorial dimension aside from the nation-state (Feser and Bergman, 2000; Preissl and Solimene, 2003) . This is also the approach favoured by Porter (2003) . Some argue that the advantages of regional clustering and proximity in transactions and knowledge creation diminish due to the effects of modern communication and transportation (Feser and Bergman, 2000) . From this, Preissl and Solimene (2003) imply that a regional cluster concept is obsolete. Instead, they identify innovation clusters according to innovation linkages in the value chain, regardless of their spatiality. The problem of such approaches is that they use 'spaceless' conceptualisations of clusters in the first place and then attempt to identify their spatial consequences, instead of integrating a spatial perspective from the very beginning. This is also not very helpful from a regional development and policy view. Studies by the OECD (1999) are even more confusing because their understanding of clusters allows for the use of each of the above-mentioned approaches.
In contrast, this report adopts a regional perspective on clusters, where the term refers to a local or regional concentration of industrial firms and their support infrastructure closely interrelated through traded and untraded interdependencies (Maskell, 2001; Bathelt, 2002) .
Using this definition, regional concentrations of firms of a given value chain, or parts thereof, can be identified. This does not, of course, imply that every agglomeration of firms can be categorised as having the same growth potential and regional impact. Clusters need to be analysed along several dimensions; i.e. their horizontal, vertical, institutional, external and power dimensions. In this way, different types and configurations of clusters can be identified.
Of course, not every cluster covers a major part of a particular value chain or is characterised by a sound, self-sustained institutional basis. In addition, not all regional economies have their own clusters (Storper, 1997; Hellmer et al., 1999) . Using a multidimensional approach, the strengths and weaknesses of clusters, their capability to reproduce themselves and initiate self-sufficient growth can be identified. In such an approach, the cluster concept becomes an analytical instrument rather than an ideology. It is a tool for the analysis of regional growth paths and can support the development of regional policy programs.
Beyond the cluster
In recent years, it has become clear that clusters cannot be narrowly conceptualised by focussing on their internal linkages but must also recognise their external dimension (Malmberg et al., 1996; Bathelt, 2002; Wolfe and Gertler, 2004) . A cluster cannot unfold its full growth potential if its firms mainly rely on internal markets and knowledge. If local linkages between suppliers, producers and customers become too rigid and too exclusive, concentrating on only a few local actors, this could cause lock-in and pose limitations on future growth (Granovetter, 1973; Scott, 1998; Maillat, 1998; Oinas, 1999) . This problem, which has also been described as over-embeddedness (Uzzi, 1997; Bathelt and Taylor, 2002; Sofer and Schnell, 2002) , exemplifies that the degree of openness in a cluster must be large enough to allow for maximum external innovation and growth impulses.
If we were to define a cluster in a functional way based on its value chain, this problem would be overlooked. As Humphrey and Schmitz (2002) have pointed out, there are basically two different concepts which can be used as a basis to study the development of production networks, i.e. clusters and global commodity chains (e.g. Cooke, 2003) . Of these approaches, the cluster concept tends to explain economic success by referring to the local networks of social relations between firms while neglecting extra-local linkages. In contrast, the concept of global commodity chains (Gereffi, 1994; emphasises the advantages of functional production organisation and corresponding governance structures but underestimates the territorial dimension and localised nature of production arrangements. In order to bring both perspectives closer together, Dicken et al. (2001) and Henderson et al. (2002) have developed the concept of global production networks, a more spatially-oriented approach which builds on actor-networks and social and territorial embeddedness.
A preferred alternative approach which complements the work on global production networks is the application of a cluster concept which systematically integrates value-chainbased linkages and a cluster's external dimension. Through this, emphasis is placed on the particular region under investigation and its external relations. Studies have shown that partnerships with firms located outside the cluster are decisive triggers for innovation (e.g. Hendry et al., 2000; Vatne, 2001; Tracey and Clark, 2003; Clark and Tracey, 2004) . With the establishment of trans-local pipelines between different clusters, regions or nation-states (Owen- Smith and Powell, 2004; Bathelt et al., 2004) , firms can tap into external knowledge pools and markets. As opposed to the local buzz, access to trans-local pipelines does not, however, happen spontaneously. It requires conscious efforts, substantial investments and is associated with higher uncertainty. Partners in pipelines need to be carefully selected and trust must develop (Lorenz, 1999) . Firms at both ends need to familiarise themselves with one another, learn how to make interactive adjustments and develop an absorptive capacity (Cohen and Levinthal, 1990; Malecki, 2000) . They have to be able to assimilate external information and apply it internally. The argument here is that the success of a cluster is fundamentally based on the external linkages of its firms.
V Crossing institutional boundaries
The role of institutions becomes, of course, more complicated when firms in a cluster exchange goods and knowledge through global pipelines. Different rules of the game exist and cultural differences can provide a barrier to communication and knowledge transfer.
Actors are socialised in a particular societal context and adjust their habits to the corresponding institutional mix (Hall and Soskice, 2001; Hodgson, 2003) . When firms establish production linkages in a new country they are faced with a heterogeneous cultural and institutional environment. Firms have to bridge these differences, establish efficient communication between agents with various cultural backgrounds and adjust their organisational practices to those in the host country.
Inter-cultural knowledge flows
A number of studies have argued that economic interaction and knowledge creation are no longer bound to particular regional settings but can be replaced by relational proximity between actors located in different parts of the world (Amin and Cohendet, 1999; Oinas, 1999; Lee, 2001 ). According to Thrift (2000) and Amin and Cohendet (2004) , the global movements and communication of business people have generated new opportunities to establish business relations across space. This is accomplished through: (i) executive travellers who meet repeatedly in neutral places around the world for intensive face-to-face communication;
(ii) internet 'thinking studios' which enable virtual communication around the globe; (iii) transnational epistemic communities, consisting of people who become boundary spanners between different cultures (e.g. Coe and Bunnell, 2003; Rallet and Torre, 2004) ; (iv) international trade fairs and other professional gatherings in which leading firms of an industry exchange information about advanced products and innovations .
However, the difficulties in establishing and maintaining such interactions across national boundaries are easily underestimated. If cluster firms aim to establish trans-local linkages with firms in other parts of the world, an understanding of different institutional regimes is needed. This requires complex capabilities which are not that easy to achieve, as firms tap into particular cultures which can vary between places, regions and nation-states (Saxenian, 1994; Schoenberger, 1999; Gertler, 2004) .
Cultural contexts can strongly influence economic action (Crang, 1997; Boeckler and Lindner, 2000; Casson and Godley, 2000; Porter, 2002; Amin and Thrift, 2003) because they involve implicit and explicit norms, rules, convictions, moral codes and philosophies of life which are accepted by or imposed upon its members. These have developed through a history of social relations and are produced and reproduced in everyday's practices (Lash and Urry, 1994; Sayer, 1997; Power, 2002) . A cultural context creates an institutional framework for human interaction which differs from that in other cultures. At the same time, rules and norms are constantly being reshaped and new ones created. Therefore, culture cannot be reduced to a fixed number of characteristics. It is a fluid phenomenon, constantly in a state of flux (Cavallardo, 2001; Berndt, 2003) . Gertler (2001) points out that systematic influences of institutions prevent the diffusion of universal operational standards at a global scale. The nation-state does not only support the development of symbols, meanings and language associated with a culture; it also stimulates particular ways of economic action and interaction through formal and informal institutions.
If the strategies, goals and structures of firms are deeply influenced by the institutional settings of the national political economy in which they are embedded, new institutions have to be established or existing ones adjusted to enable coherent strategic interaction in an intercultural setting. Particularly important are institutions which support the exchange of information, monitor the actions of others and enable actors to engage in joint discussions and co-operation. This is, however, easier said than done. Institutional complementarities are more likely to develop in a homogeneous cultural setting, such as a nation-state (Lundvall and Maskell, 2000; Hall and Soskice, 2001) . In an inter-cultural context, different governance structures might be implemented as a consequence involving, for instance, loose decentralised interactions within the cluster and more hierarchical governance in external relations.
Power relations and boundary spanners
There are at least two aspects of power which need to be explored further in the context of innovation and growth: coherence within a cluster and the co-ordination of the external relations of cluster actors.
A cluster does not automatically encompass a coherent group of firms which co-operate harmoniously with one another to achieve a common set of goals. A cluster's horizontal and vertical dimensions are shaped by existing power relations and asymmetries which impact upon the agents' ability to react to changes in their regulatory environment and external markets (Taylor, 2000; Bathelt and Taylor, 2002) . The question is, therefore, which mechanisms create consistent behaviour within a cluster? It could be argued that a cluster can only be considered as such if the actors and firms recognise the cluster as an entity which is sufficiently different from its environment and act accordingly. In this case, clusters have an emergent effect and become visible to others (Yeung, 1994; Dicken et al., 2001 ).
Within a cluster, control over resources is not enough for an agent to become powerful (Latour, 1986; Thrift, 1996) . Actors which are viewed to have power are those able to build networks and develop them further by enrolling other actors (Allen, 1997; Smith, 2003; Jöns, 2003) . Existing social relations are reinforced through communication between the actors and joint decisions made about technologies. The power of a cluster can thus be understood as the potential to enrol cluster firms in joint enterprises.
Of course, it is difficult to establish coherence within a cluster through social relations alone. Material and non-material resources, such as non-human artefacts (e.g. particular technologies, symbols), tools (e.g. manuals, reports) and accepted rules, enable human actors to engage in social relations and maintain them (Latour, 1986; Murdoch, 1995) . In a cluster, process and communication technologies serve to stabilise interactions between firms, as they have similar day-to-day experiences and develop the same understanding. In an inter-cultural context, shared technologies and existing norms and rules are particularly important to support economic interaction and achieve common goals. Material and non-material resources clearly help shape the course of action. Without them, messages and requests could be easily misinterpreted and technologies used inappropriately.
Since the coherence of a cluster and its ability to work are dependent on day-to-day interactions, distance and visibility are of great importance (Crang, 1997) . They enable ongoing exchange with others through a multitude of micro-practices and help exercise control over their activities. An important question is how can social relations be maintained over distance if the actors do not have regular face-to-face contact? It is not an easy task to exercise power over distance (Murdoch, 1995; Allen, 1997) . It requires that effective technologies and routines are introduced, enabling actors to check the outcomes of their orders which occur in different places.
Network builders who are able to enrol others into networks are particularly important in the process of network activation and formation. In an inter-cultural context, boundary spanners are also important as they have the potential to communicate between those involved and help provide an understanding of heterogeneous habits and attitudes. Coe and Bunnell (2003) emphasise the significance of transnational communities in translating news, claims and problems between the different nationalities and parties in an inter-cultural production setting (e.g. Hsu and Saxenian, 2000; Smith, 2003; Depner and Bathelt, 2005) . These are people who have lived and worked in different cultural contexts and are able to understand the different expectations and patterns of behaviour and clarify them between actors. Their ability to stimulate communication might, in part, determine the long-term success of clusters in an international market environment.
VI Conclusions: clusters and policy issues
In this report, I have discussed some open questions and aspects of debate with respect to the cluster approach. Aspects regarding the existence, growth and reproduction of clusters have been analysed in spatial perspective. It is argued that a regional approach towards clusters, viewing clusters as regional concentrations of firms in a value chain or parts of it, provides a well-suited device for the analysis of regional growth paths and the support of policy programs. To identify different organisational configurations, (potential) clusters should be analysed along multiple dimensions; i.e. their vertical, horizontal, institutional, external and power dimensions. In this perspective, clusters cannot exist without systematic external linkages to suppliers, markets and technologies, raising issues of inter-cultural coordination, power and control.
In policy terms, we should be aware that clusters cannot be used as a 'one-model-fits-all' strategy (Martin and Sunley, 2003) . One of the key issues of designing a cluster policy is to develop a regional industry structure which is sufficiently specialised to benefit from traded and untraded interdependencies, yet diversified enough to avoid the danger lock-in. It is unlikely that this trade-off can be resolved as a simple optimisation problem. The countervailing forces, power asymmetries and divergent interests of actors are always at work in a cluster. There is no single equilibrium that resolves the inherent tensions, only temporary stabilisations of unequal power relations (Bathelt and Taylor, 2002) .
The arguments presented in this report do not imply that regional policies should always be designed as cluster policies or that policy initiatives can easily create new clusters. Studies have shown that there are plenty of 'normal regions' or 'non-core regions' which do not exhibit economic specialisation (Storper, 1997; Hellmer et al., 1999) . They do not have the potential to stimulate self-sustaining growth processes or develop into clusters. Further, dynamic urban areas can be found which do not have much in common with a cluster (Newlands, 2003; Bramwell et al., 2004) . At the same time, several clusters may overlap in other large metropolitan areas (Crevoisier, 2001; Porter, 2003; Bathelt and Boggs, 2005) , possibly creating synergies and strengthening the regional economy.
It is questionable whether a standard cluster policy would be the best regional policy approach in all these settings. In broad, diversified metropolitan areas, for instance, the regional growth path might benefit from a large variety of urbanisation instead of localisation economies. The Waterloo region, one of the most dynamic regions of high-technology growth in Canada, falls into this category as it does not host a true cluster of interrelated firms tied to a particular value chain. Co-location is seemingly not the driving force behind the regional growth process (Parker, 2001; Bramwell et al., 2004) . Here and in other regions, the processes enabling dynamic growth might indeed be quite different from those in clusters (Crevoisier, 2001; Simmie, 2003) , making these regions particularly robust against economic shocks. Further, as Wolfe and Gertler (2004) have pointed out, the success of a regional cluster policy is also dependent on the wider institutional context at the national and supranational and not only the regional level. Some conceptualisations might even conclude that a particular regional policy is not required to stimulate cluster development (Newlands, 2003) .
Based on a study of a number of industrial clusters in different parts of the world, Bresnahan et al. (2001) found that the reasons behind the establishment of new clusters are much different from those which support the growth of existing ones. They did not find much evidence that state policies had a notable influence on the establishment of the clusters in the first place. According to their work, the degree of openness in regional economic relations and access to large external markets are critical factors determining the success of emergent clusters. Further, it would be unlikely that clusters could be jumpstarted through regional policy initiatives alone. On the contrary, it appears misleading to assume that policy initiatives could not support cluster growth at all. There are examples which show that policies can have a significant impact on cluster development, even in early stages (e.g. Feldman, 2001; Lundequist and Power, 2002; Depner and Bathelt, 2005) . There is, however, little systematic analysis of the performance of policy programs (Enright, 2003) .
Overall, it is necessary to develop contextualised cluster policies, leaving room for alternative policies if the local growth path does not depend on clusters or if clusters are not at the core of regional competitiveness. Cluster policies, if chosen, have to be multidimensional policies, sensitive to the specificities of the local economy and the embeddedness of local industry structures.
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Notes

1
A concept related to communities of practice is that of epistemic communities (Knorr Cetina, 1999) . As opposed to communities of practice, epistemic communities are organised by and structured around a procedural authority to reach a specified goal (Amin and Cohendet, 2004) . Agents become members of this focussed community depending on how well they can contribute to that goal. Autonomy and self-organisation are weaker and hierarchies stronger than in communities of practice. Characteristic of such communities is the desire of agents for knowledge creation, the focus on group creativity and the creation of institutional fixes.
